Abstract: Impairment of vascular endothelium plays a key role in the pathogenesis of inflammatory diseases including juvenile idiopathic arthritis (JIA) and atherosclerosis. We hypothesized that structural abnormalities of the smallest blood vessels (capillaries) might exist and reflect endothelial dysfunction in children with JIA. Microcirculation was studied, by means of nailfold videocapillaroscopy with computer-associated image analysis, in 43 patients with JIA and compared with 20 healthy children. Moreover, capillaroscopic findings were correlated with the activity of the disease and the levels of serum biomarkers of endothelial injury, namely soluble intercellular adhesion molecule (sICAM) and vascular endothelial growth factor (VEGF). We found that in JIA patients capillaries were significantly wider and longer than in healthy controls. Moreover, irregular capillaries and dilated subpapillary venous plexus were found significantly more frequently in JIA in comparison with the control group. Serum levels of sICAM and VEGF were significantly higher in JIA patients with capillary abnormalities than in JIA patients with normal capillaroscopy. Our study indicates that there are structural changes in the microcirculation of patients with JIA and that these changes might reflect endothelial injury. Whether capillaroscopy might have a role in early identification of JIA patients being at higher risk of atherosclerosis requires further studies.
Introduction
Activation of vascular endothelium is considered to play a key role in the initiation and progression of systemic inflammatory diseases such as rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA) [1] [2] [3] . Recently, chronic inflammation has also been recognized as a pivotal factor in the pathogenesis of atherosclerosis. Indeed, recent data indicate that the atherosclerotic process in autoimmune diseases, including JIA and RA, progresses concomitantly and increases the risk of cardiovascular disease by up to 2-5 times [4] [5] [6] [7] .
Capillaroscopy is an non-invasive technique which allows in vivo investigation of the smallest blood vessels [8] [9] [10] .
Different capillaroscopic abnormalities have been shown to occur in several systemic autoimmune diseases, such as systemic sclerosis, dermatomyostis, mixed connective tissue disease and RA [11] [12] [13] . However, so far only very little is known regarding capillaroscopy findings in JIA [14, 15] .
Taking into account the role which endothelial injury is considered to play in the pathogenesis of systemic inflammatory diseases including JIA and atherosclerosis we hypothesised that structural abnormalities of the smallest blood vessels (capillaries) may occur in children with JIA and might reflect endothelial injury due to systemic inflammation [16] [17] [18] .
To investigate this hypothesis videocapillaroscopy with computerized image analysis of the skin microcirculation was performed in a cohort of children with JIA in comparison with age-and sex-matched healthy children. Moreover, capillaroscopic findings were correlated with the activity of the disease. To evaluate potential relationships between structural abnormalities in microcirculation and impairment of vascular endothelium, we investigated associations between abnormal capillaroscopic findings and serum levels of soluble intercellular adhesion molecule (sICAM) and vascular endothelial growth factor (VEGF) which are considered to be biomarkers of vascular injury in chronic inflammatory conditions such as RA, JIA and atherosclerosis.
Materials and methods
Patients. Forty three children, aged 4-17 years (mean 10.6, S.D. 4.3), with JIA diagnosed according to ILAR (International League Against Rheumatism) criteria [19] were included. JIA patients with signs of infections or any known risk factors of atherosclerosis except JIA were excluded. Nineteen had polyarticular course JIA (6 with systemic onset with polyarticular course, 5 with oligoarticular onset and extension to a polyarticular course) and 25 had a persistent oligoarticular course. Disease was considered active if active joint inflammation was detected at physical examination in at least one joint (swelling or tenderness if swelling was not present), and at least one of the following parameters was present: erythrocyte sedimentation rate (ESR) >15 mm after 1 st hour, C-reactive protein (CRP) over 0.5 mg/dL, and/or platelet count (PLT) over 300 × 10 3 /mL. These criteria are in agreement with those used in previous studies [20] .
39 children were treated with disease modifying antirheumatic drugs (DMARDs). These included: salazopyrin (SN) in 9 patients, methotrexate (MTX) in 28, or etanercept in 11 patients. 25 patients with active disease were receiving low dose corticosteroids (less than or equal to 5 mg of prednisolone/day orally), and 13 of them were taking non-steroidal anti-inflammatory drugs (NSAIDs) also. Five children with inactive disease did not receive any medications.
The control group comprised 20 healthy children of matched age, without history of infectious diseases within last four weeks. Clinical characteristics of the JIA patients and the control group is presented in Table 1 .
Capillaroscopy. Capillaroscopic examination was performed by means of Video Capillaroscope (SCALAR Corporation, Japan) using 200x magnification, after 20 minutes of acclimatization of a patient to a constant temperature of 20-22°C. Using frame registration software, digitized video images from the microscope were combined to form a panoramic mosaic of the nailfold. Fingers II-V of both hands were assessed with respect of the morphology of loops (irregular/tortuous capillaries) as well as the presence of dilated subpapillary venous plexus. Capillaroscopy was considered abnormal if the number of tortuous and/or irregular capillaries exceeded 2 per finger and the changes were present in at least two fingers out of eight fingers investigated. Detailed measurements were performed on the central part of the left fourth finger nailfold and included evaluation of capillaries density per 1 mm 2 , and the width of both arterial and venous arms (the width of a column of red blood cells). Capillaroscopy images were captured, coded, stored, and subsequently evaluated by one researcher with a longstanding experience in capillaroscopy (AG) in a blinded fashion.
Blood for analysis was collected on an empty stomach, in the morning hours. The sera obtained after centrifugation were stored at a temperature of -70°C. Serum levels of sICAM-1 and VEGF were determined using commercially available Enzyme-Linked Immunosorbent Assay (ELISA) Quantikine kits (R&D Systems, USA) according to the manufacturer's instructions. The lowest detectable concentrations of sICAM-1 and VEGF were: 0.35 ng/mL and 9.0 pg/mL, respectively.
Ethical issues. The study protocol was approved by the Local Bioethics Committee.
Statistical analysis. Statistical analysis was performed with the use of the computer program "Statistica 6.0". To compare study groups with the control group, the Student´s unpaired t-test was used for normally distributed variables and the Mann-Whitney U test for non-normally distributed variables. Correlations were analyzed by Pearson or Spearman method as appropriate. The data are presented as means and standard deviation (S.D.) or range. A p value <0.05 was considered to be statistically significant.
Results

Capillaroscopy
Capillaroscopic measurements are presented in Table  1 . Mean number of capillaries in JIA patients was Dilated subpapillary venous plexus and irregular loops (Fig. 1) were present in 45.9% and 59,4% patients in total study group JIA respectively, and in 20 % and 10% of healthy controls respectively (p<0.05, p<0.01 vs JIA for both: venous plexus and irregular loops).
Active JIA was diagnosed in 25 (58.1 %) children, inactive JIA -in 18 (41.9 %) children. The groups did not differ with respect to age or sex.
There were no significant differences between active and inactive JIA subgroups with respect to capillary density, length or width of capillary loops or the presence of abnormal findings - Table 1 .
sICAM and VEGF
Mean serum concentration of sICAM-1 in active JIA patients was significantly higher (333.44 ng/mL, S.D. 109.9, range 194.6-728.9) than mean levels in inactive JIA patients (276.53 ng/mL, S.D. 67.5, range 174.5-402.1, p<0.05 vs active) and healthy controls (288.66 ng/mL, S.D. 102.4, range 177.3-662.6, p<0.05 vs active). No significant differences between inactive JIA subgroup and healthy control were detected (Fig. 2) Mean serum concentration of VEGF in active JIA patients (615.58 pg/mL, S.D. 423.4, range 54.2-1738,4) was significantly higher than mean level in inactive JIA patients (304.77 pg/mL, S.D. 170.2, range 76.3-747.6, p<0.001) or in healthy control (155.04 pg/mL, S.D. 62.5, range 32.5-256.9, p<0.001) (Fig. 3) .
In all (active and inactive) JIA patients serum levels of sICAM-1 and VEGF presented significant positive correlation with ESR values: r=0.33, p<0.05 and r=0.66, p<0.001 respectively; PLT: r= 0.32, p<0.05 and r=0.38, p<0.01, respectively; and CRP: r=0.31, p<0.05 and r=0.75, p<0.001, respectively. 
Discussion
We found that there are significant structural abnormalities in the microcirculation of children with JIA which comprise lengthening and widening of capillary loops, frequent presence of abnormal capillaries and/or the presence of widen subpapillary venular plexus.
So far two reports only have addressed capillaroscopy assessment of microcirculation in a separate group of JIA patients [21, 22] . Unlike in our study, Dolezalova et al. did not reveal any significant differences in the capillary density, capillary width or the frequency of abnormal findings between a group of 15 JIA patients and healthy controls [21] . In the second study, involving 55 children with JIA, the capillary number, size, shape and arrangements were found to be similar to healthy controls, also [22] .
The reason of discrepancies between these two studies and our findings are not readily apparent. It could be speculated that the proportion of patients with active disease might contribute to this disagreement. Indeed, in the study by Ingnegnoli et al. none of the patients was in acute phase of disease while in our group 58% of patients had active disease [22] . Although no direct significant association between capillaroscopic findings and disease activity was observed in our study, this could be due to the fact that the majority of our patients were receiving DMARDs including anticytokine therapy which might alleviate systemic inflammation. Intriguingly, in our group the presence of microvascular abnormalities was associated with significantly higher levels of serum sICAM and VEGF which are considered to reflect endothelial dysfunction in chronic inflammatory diseases such as collagen diseases. To the best of our knowledge this is the first report investigating relationships between structural abnormalities in microcirculation of children with JIA and the levels of biomarkers of endothelial injury. Our observations are in agreement with the studies performed in adult RA patients in whom significantly higher levels of sICAM-1 were found in RA patients with clinical signs of systemic vasculitis as compared with those RA patients without clinically apparent vascular involvement. Although no significant correlation between sICAM-1 levels and the capillaroscopy findings were found, in the majority (75%) of the RA patients with severe vascular changes in capillaroscopy, sICAM-1 levels exceeded normal cut off value [23] .
This observations appear particularly interesting in view of many similarities that have recently emerged between the paradigm of inflammation in the pathogenesis of atherosclerosis and the well-established mechanisms of inflammation in the pathogenesis of systemic inflammatory joint diseases including/such as RA or JIA [24] [25] [26] [27] [28] [29] .
As mentioned above we did not find direct associations between activity of JIA and capillaroscopic abnormalities. However, sICAM-1 and VEGF showed weak, but significant correlations with laboratory acute phase parameters suggesting indirect relationships between capillary impairment and activity of systemic inflammation.
In summary we showed that there are significant changes in the microcirculation of children with JIA and that these structural abnormalities are associated with increased levels of biomarkers of endothelial injury. It could therefore be speculated that capillaroscopic abnormalities might reflect endothelial dysfunction which is considered to be a key event in the development of atherosclerosis in JIA patients. Whether capillaroscopic assessment might indeed be useful in early identification of children being at higher risk of development of atherosclerosis requires further prospective studies.
